Background. Mucosal leishmaniasis is associated with intense tissue damage and high tumor necrosis factora production. Therapeutic failure occurs in up to 42% of cases; patients who experience treatment failure will require 11 pentavalent antimony (Sb v ) course or alternative drugs to achieve a cure. We previously showed that an inhibitor of tumor necrosis factor-a (pentoxifylline) combined with Sb v cured 90% patients refractory to monotherapy with Sb v . Methods. A double-blind, placebo-controlled trial involving 23 patients with mucosal leishmaniasis evaluated the efficacy of pentoxifylline when administered in association with Sb v , compared with Sb v treatment alone. Eleven patients were randomized to receive Sb v plus oral pentoxifylline for 30 days, and 12 patients received Sb v plus oral placebo. The criterion for cure was a complete healing of lesions.
Results. All patients in the pentoxifylline group experienced a cure with 1 course of Sb v , whereas 5 (41.6%) of 12 patients in the placebo group required a second course of Sb v ( ). The healing time ‫ע‬ standard P p .037 deviation in the pentoxifylline group was days, compared with days in the placebo group 83 ‫ע‬ 36 145 ‫ע‬ 99 ( ). No relapses were documented in either group at the 2-year follow-up visit. P p .049
Conclusions. The addition of pentoxifylline to Sb v in mucosal leishmaniasis reduces the healing time significantly and prevents the need for further courses of Sb v .
Leishmaniases are protozoan-caused diseases that have worldwide distribution and an overall prevalence of 12 million cases at present [1] . It is estimated that 350 million individuals are at risk for infection with Leishmania species, which results in an annual incidence of 1-1.5 million cases of cutaneous leishmaniasis and 500,000 cases of visceral leishmaniasis [1] . In Central and South America, cutaneous leishmaniasis is a major public health problem; in an area of endemicity in south Bahia, Brazil, cutaneous leishmaniasis caused by Leishmania braziliensis has an annual rate of incidence of 8.1 cases per 1000 persons [2] . It is estimated that mucosal leishmaniasis develops in ∼3% of all patients who have cutaneous leishmaniasis that is caused by L. braziliensis. The mucosal disease is observed concomitantly with or months to years after the cutaneous disease and is characterized by the presence of destructive lesions that predominantly affect the nose [2, 3] . Complications include nasal septum perforation, vocal cord involvement with hoarseness, and deformity of the nasal pyramid. Upper respiratory tract obstruction leading to death has been reported [3] . The standard treatment for mucosal leishmaniasis is high-dose pentavalent antimony (Sb v ; 20 mg per kg of body weight per day for 30 days), [4] ; clinical treatment failure occurs in up to 42% of cases [5] . Moreover, relapses may occur in as many as 19% of patients after 3-10 years of follow-up [6] . These patients will require further courses of Sb v or amphotericin B to achieve cure. Better therapeutic approaches that are associated with lower rates of failure and relapse are essential for the control of mucosal leishmaniasis. Despite the paradigm that a Th1-type immune response is necessary for the control and cure of Leishmania infection, cutaneous and mucosal diseases have been considered to be inflammatory reactions that are mediated by host immune response. Evidence for the role of the immune response in the pathogenesis of mucosal leishmaniasis includes (1) the presence of inflammatory infiltrate despite the paucity of parasites in culture or biopsy samples [7] , (2) high levels of IFN-g and TNF-a in PBMCs [8] [9] [10] and increased expression of these mediators in tissue [11] , and (3) a decreased ability of IL-10 to down-regulate levels of the exaggerated inflammatory response [12] . We have previously shown in an open-label study that 90% of patients who had severe mucosal leishmaniasis that was refractory to Sb v alone were cured when treated with an inhibitor of TNF-a (pentoxifylline) and Sb v [13] . The following study is a randomized, 
PATIENTS AND METHODS
Study design and patient selection. This randomized, double-blind, placebo-controlled trial involved 23 patients with mucosal leishmaniasis who were living in Corte de Pedra, an area of endemicity of L. braziliensis transmission that is located in the southern part of the state of Bahia, Brazil. This site is a reference center for the diagnosis and treatment of cutaneous and mucosal leishmaniasis. The objective of this study was to evaluate the efficacy of the combined therapy of Sb v with pentoxifylline compared with Sb v plus placebo for the treatment of mucosal leishmaniasis. Patients who were eligible for enrollment after providing informed consent were aged 18-65 years and had severe mucosal leishmaniasis (defined as the presence of deep mucosal ulcers and/or septal infiltration or perforation). A clinical diagnosis was confirmed by at least 2 of the following laboratory methods: a positive intradermal skin test result with Leishmania antigen, parasite isolation by culture, or histopathological findings characteristic of mucosal leishmaniasis. The Leishmania antigen that was used for the intradermal skin test was obtained from a strain of Leishmania amazonensis (MHOM-BR-86BA-125); 25 mg of antigen in 0.1 mL of solution was injected into the skin of the forearm [14] . The indurated area was measured after 48 h, and a reaction was considered to be positive if the measurement was 15 mm in diameter. Patients who had superficial mucosal ulcers (mild mucosal leishmaniasis), prior therapy for mucosal disease, diabetes, or coinfection with HIV, or who were unavailable to follow-up, were excluded from the study. This study was approved by the ethical committee for research of the Hospital Universitário Prof. Edgard Santos, Salvador-Bahia, Brazil.
Treatment. After consent was obtained, patients were randomized, through the use of a randomization table, to the combined treatment group or the control group. Both the otolaryngologist and participants were blinded to treatment assignment during all the steps of the study, including the followup period. Patients with mucosal leishmaniasis received intravenous Sb v (meglumine antimony; Aventis), at a dosage of 20 mg per kg of body weight per day, plus oral pentoxifylline (Pentox; Farmasa) at a dosage of 400 mg 3 times daily for 30 days. Patients allocated to the control group received the same Sb v schedule plus oral placebo pills that were formulated to appear identical to pentoxifylline 3 times daily for 30 days. A data safety monitoring committee had access to patient assignment in the event of adverse events. No patient received previous antileishmaniasis treatment.
Efficacy assessments. All patients were evaluated every 30 days by a blinded otolaryngology specialist. The primary end point was cure, defined as complete reepithelization of the mucosal tissue and no evidence of inflammatory activity in the 150 days after initiation of therapy. An interim analysis was performed at 90 days after initiation of therapy. Patients who became worse or who had no change in the characteristics of their lesions received a second course of Sb v . Patients who demonstrated partial but not complete healing at 90 days after initiation of therapy were further evaluated for another 30-60 days, and those who did not experience complete healing underwent another round of treatment. Secondary end points were the healing time of the mucosal lesion and no evidence of relapse after 2 years of follow-up.
Statistical analysis. We adopted nonparametric tests for all statistical analyses because our sample size was not large enough to justify standard asymptotical theories. Patients' characteristics and medical profiles at randomization, as well as during the follow-up period, were summarized by median, mean ‫ע‬ SD, or percentage, and were compared between the 2 groups using Fisher's exact test (for categorical variables) and the Wilcoxon test or the Mann-Whitney U test (for continuous variables). A Kaplan-Meier curve, coupled with the log-rank test, was used to evaluate the rates of cure. Pearson correlation between duration of symptoms and cure status or Leishmania skin test reaction size was performed.
RESULTS
All patients who were enrolled in this study had severe mucosal leishmaniasis with nasal involvement that consisted of granulomatous infiltration and septal perforation or deep ulcer (figure 1) . Patients who were administered placebo plus Sb v or pentoxifylline plus Sb v did not differ in any of the baseline characteristics examined-an indication of the proper imple- mentation of randomization (table 1). The duration of symptoms, mainly characterized by nasal obstruction, was slightly shorter in the group who received combined pentoxifylline plus Sb v therapy, but it was not significantly different from the control group. To evaluate the influence of the duration of the symptoms on the time to cure, we computed the Pearson correlation coefficient between the duration of symptoms and cure status at 6 months. The correlation coefficient between the duration of symptom and cure status was 0.077 ( ), but none of these differences are statis-355 ‫ע‬ 166 tically significant. We also evaluated whether the duration of symptoms may correlate with a more intense immunological response of the Leishmania skin test as a surrogate marker for host inflammatory response. The Pearson correlation coefficient between the duration of symptoms and the skin test result was 0.15 ( ). P p .57 Next, we evaluated clinical cure response as defined by complete reepithelization of the mucosa (figure 2). In the pentoxifylline group, 9 (82%) of 11 patients were cured within 90 days after onset of therapy. In the same period, only 5 (41.6%) of 12 patients in the placebo group were cured during this time.
Evaluation at day 120 and day 150 after treatment initiation showed no cases of active disease in the pentoxifylline group, whereas 5 patients in the placebo group did not achieve cure and required a second course of Sb v ( ) ( figure 3) shows that the pro-.049 portion of patients who had continued disease was significantly greater in the control group than in the pentoxifylline group ( , by the log-rank test). No relapses were documented P p .047 during the follow-up period of at least 2 years after treatment cessation.
Mild adverse effects were observed more frequently in the Sb v plus pentoxifylline group, including nausea (3 patients); arthralgias (1 patient); and dizziness, abdominal pain, and diarrhea (1 patient). In the group treated with placebo and Sb v , 1 patient complained of anorexia, nausea, and myalgias. No patients in either group discontinued treatment because of these adverse effects.
DISCUSSION

For mucosal leishmaniasis caused predominantly by L. braziliensis that is treated with Sb
v (which is the standard drug treatment for leishmaniasis), the high treatment failure rate or relapse rate of disease is a major problem [5, 6] . Amphotericin B is an effective treatment for mucosal leishmaniasis, but the severe adverse effects and the need for hospitalization to administer the drug increase the cost and limit its use, particularly in the rural areas where mucosal leishmaniasis occurs most frequently. Therefore, the development of a more effective treatment for mucosal leishmaniasis is a major goal. This randomized, double-blind, placebo-controlled clinical trial demonstrates that pentoxifylline combined with Sb v significantly accelerates the healing time of mucosal leishmaniasis. In addition, patients with mucosal leishmaniasis who were treated with this combination experienced a 100% rate of cure with 1 course of treatment, compared with the 58% cure rate that was observed in the control group. No early relapses of leishmaniasis were seen during a minimum follow-up duration of 2 years.
Mucosal leishmaniasis has a spectrum of clinical presentation that ranges from nodular lesions to deep ulcers that, when localized in the septum, can lead to perforation. It is known that disease duration and intensity of the inflammatory response may also influence therapeutic responses. In this study, there were no significant differences observed between the 2 groups regarding duration of illness, severity of disease, and inflammatory response measured by the delayed hypersensitivity Leishmania skin test. Previous studies involving hamsters with Leishmania vianna panamensis infection [15] showed that infection in male animals resulted in significantly greater lesions and severity of disease. Despite the fact that, in our study, there were more male patients in the placebo group than in the pentoxifylline group, no statistically significant difference was observed, making it unlikely that this variable influenced the therapeutic response.
The evidence for the role of the immune response in the pathogenesis of cutaneous and mucosal leishmaniasis has implications for the therapy of these infectious diseases. It is clear that a Th1-type immune response with IFN-g production and nitric oxide synthesis by macrophages is necessary to kill Leishmania species [8] . Nonetheless, patients who have mucosal leishmaniasis develop disease despite a strong cellular immune response [16] . There is evidence that parasites remain in the host after resolution of disease [17] and that the tissue damage that is observed in mucosal leishmaniasis is related to an unmodulated immune response with increased production of proinflammatory cytokines and a lack of effector or regulatory function by cytokines, such as IL-10 [12] . The concept that L. braziliensis infection may trigger an intense and persistent immune response with an unmodulated and heightened level of a proinflammatory component suggests a role for immunomodulators in the therapy of leishmaniasis. Furthermore, agents that primarily affect the immune system, such as granulocyte macrophage colony-stimulating factor and pentoxifylline, have been reported to accelerate the healing time of cutaneous leishmaniasis [18, 19] and to cure mucosal leishmaniasis that is refractory to Sb v therapy [13] , respectively. Our report extends the use of pentoxifylline to the more severe form of leishmaniasis: severe mucosal disease.
Pentoxifylline is a methylxanthine that was originally licensed in the United States for the treatment of peripheral vascular disease [20] , but it has recently been used experimentally for a number of inflammatory conditions [21] [22] [23] . We have previously shown that pentoxifylline added to Sb v is effective in the treatment of mucosal leishmaniasis that is unresponsive to standard Sb v treatment [13] . There has also been a report of 2 patients who were successfully treated for refractory cutaneous leishmaniasis with pentoxifylline added to Sb v [24] , and combined therapy with Glucantime (Aventis) and pentoxifylline was considered to be more effective than Glucantime alone in Old World cutaneous leishmaniasis [25] . This report suggests that pentoxifylline also has a role in the therapy of treatment-naive patients who have severe mucosal leishmaniasis. Because pentoxifylline is known to downregulate TNF-a production [26] , it is possible that this mechanism is responsible for the clinical improvement that is observed. The inhibition of TNF-a production is also a therapeutic approach in the control of erythema nodosum leprosum [27] , where the use of pentoxifylline has also been indicated [28] . In our open-label study involving 10 patients with mucosal leishmaniasis whose disease was refractory to at least 3 previous courses of Sb v therapy, we observed that pentoxifylline plus Sb v significantly decreased TNFa levels and resulted in a cure in 9 patients [13] . The present study extends the therapeutic usefulness of this treatment combination for previously untreated severe mucosal leishmaniasis. As such, pentoxifylline, when added to Sb v , may result in a higher cure rate and a faster healing time for mucosal lesions. Pentoxifylline combined with Sb v is, therefore, a therapeutic choice for patients with mucosal leishmaniasis who have advanced forms of the disease.
